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Based on evidence that IOP lowering is the exclusive therapy of open angle glaucoma \[[@CR1]\], when IOP cannot be adequately controlled with medical therapy or currently available laser procedures, the management options to prevent visual impairment and blindness require surgical approaches; currently, despite its downward trend, trabeculectomy (i.e. anterior, penetrating, ab externo filtering procedure) is the standard glaucoma filtration surgery in the world \[[@CR1], [@CR2]\]. Scleral bleb results from fluid accumulation, meaning procedure success. After filtration surgery, vascularity increase and fibrotic reaction on bleb site are considered to be a physiological response against tissue injury; consequently, in a few hours to the first 1--2 weeks after surgery \[[@CR3]\], changes in epithelial and mesenchymal cells of conjunctiva occurs, i.e. the Tenon fibroblast activation and proliferation at the site of the fistula induces a inflammation, formation of granulation tissue, collagen deposition and extracellular matrix (ECM) remodeling \[[@CR4]\]. This process impairs filtering bleb formation and the aqueous humor outflow facility \[[@CR4], [@CR5]\]. Treatment with cytostatics has been established to reduce the proliferation of connective tissue around the bleb. Actually MMC represents the most efficacious anti-fibrotic agent used as intraoperative strategy to attenuate fibrosis after trabeculectomy and to prolong the bleb survival \[[@CR6]\].

MS is a chronic inflammatory and neurodegenerative demyelinating disease of the central nervous system (CNS) \[[@CR7]\]. Immunosuppressive drugs (azathioprine, CY, mitoxantrone, etc.) have been employed successfully in patients with autoimmune disease and, therefore, in MS also. They are currently not formally approved for MS (except for mitoxantrone) and thus are used off-label. Nonetheless, immunosuppressive drugs continue to be used in MS patients, particularly in some patients refractory to conventional therapies, or in chronic progressive form that requires immunosuppression because of rapid progression of disability. CY is an alkylating agent able to interfere with DNA integrity and function, commonly used as a cytotoxic medication for cancer chemotherapy or to prevent rejection after organ transplantation \[[@CR8], [@CR9]\]. Several studies reported on the efficacy of CY in stabilizing patients with selected forms of MS; moreover, low doses of CY therapy represents a well-tolerated therapeutic course in MS patients \[[@CR10], [@CR11]\].

In spite of being a general immunosuppressant agent, CY shows quite selective immune effects in MS: some authors suggest that CY may pilot the immune balance from a Th1/Th17 immune stance, known to be deleterious in MS, towards T helper type 2 (T~H~2) \[[@CR12], [@CR13]\] and Th3~REG~ responses \[[@CR14]\]. Our work is mainly intended to demonstrate the absence of an increased risk of infection in patients with MS receiving CY, but at the same time strongly suggests a possible protective role of such drug against the fibrotic complications often challenging glaucoma surgery success.

Methods {#Sec2}
=======

We report the cases of five patients, one man and four women, with relapsing progressive MS. Data are reported without a prospective trial registration, due to the absence of a comparative, controlled clinical trial set-up. The mean age at the time of surgery was 57.16 ± 7.31 years. Informed consent was obtained from all individual patients for inclusion in the series. All patients presented with glaucoma with a progressive and severe visual field (VF) loss, defined as a VF mean deviation (MD) ≤ − 10 dB and a pattern standard deviation (PSD) \> 6 dB, despite maximally tolerated medications. IOP measurements were all obtained by Goldmann applanation tonometry. Visual field tests was conducted with a Humphrey Visual Field Analyzer I set for the central 32 threshold test standard, size III white stimulus, with the foveal threshold test turned on. One patient presented a high risk of procedure failure because of a previous failed phaco-trabeculectomy 1 year before the diagnosis of MS. All MS patients were treated with CY, 1 g i.v. monthly, for a total cumulative dose administered of 2.5 mg to 3.5 mg/mm^2^. Following a mean of 6 i.v. CY treatments and a therapy-free month break, all patients were switched to oral immunosuppressive therapy of 50 mg, as a daily dose of maintenance.

The patients were actually taking 50 mg/day CY orally from at least 2 months (range 2--3) when MMC-enhanced primary phaco-trabeculectomy was performed. One eye, with previous failed phaco-trabeculectomy, underwent a new ab externo filtering procedure augmented with MMC. In all cases a standardized filtration surgery procedure was performed. A fornix-based conjuntival flap was created, with gentle cauterization of the exposed sclera. The dissection of the 4 × 4 mm scleral flap was followed by the application during 4 min of 0.2 mg/mL of MMC. After washing, 100 to 150 microns of corneal-scleral tissue was punched through via sclerotomy. Finally 10--0 nylon sutures were used for scleral flap approximation, and conjunctival closure. No intraoperative complication occurred. Removal of conjuntival sutures occurred at 20th--30th post-operative day in all patients. The IOP measurement was strictly done (every 3 days) in the post-operative 15 days, then monthly for up to 1 year; perimetry analysis was conducted every 3 months. Four patients kept the CY oral regimen throughout follow-up period. Case n.1 interrupted oral CY 3 months after surgery due to recurrent cystitis.

Results {#Sec3}
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Based on the Advanced Glaucoma Intervention Study data \[[@CR15]\] that recommends the aggressive IOP lowering with respect to the baseline in patients with advanced glaucoma and with appropriate life expectancy, the success of the surgical procedure in this group of patients was defined as a IOP ≤ 15 mmHg. The mean preoperative IOP of 20.2 ± 1.6 mmHg decreased to 13 ± 2.6 mmHg as registered at last follow-up (Table [1](#Tab1){ref-type="table"}). In four patients the success was "complete" (the IOP was \< 15 mmHg without glaucoma therapy) and in one patient it was "qualified" because of beta-blockers additional treatment was needed (Table [1](#Tab1){ref-type="table"}). At the 15th post-operative day the latter underwent to 0.02% MMC sub-Tenon's bleb needling because of bleb vascularity and increasing IOP (Table [1](#Tab1){ref-type="table"}). There were no bleb infections, nor bleb related complications (Fig. [1](#Fig1){ref-type="fig"}); none of the patients experienced a VF defect relevant change over the entire follow-up period 20.6 ± 8.1 months nor developed severe adverse events due to oral CY.Table 1IOP (intra ocular pressure)PatientIOP (mmHg)PRE-OPDay 1At 1 weekAt 2 weeksAt 1 monthAt 3 monthsAt 9 monthsAt last follow-up119676866836 m2211011221010131512 m319910101110101318 m4\*22101017912141520 m5\*\*20910101011111417 m*m* months\*Subsequent needling, additional beta-blocker therapy\*\*Surgical failure history Fig. 1Bleb photographs at 1 year of follow-up
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In our surprising study experience, the satisfactory clinical course after the surgeries in patients with the same underlying condition and systemic CY protocol focused our attention on the possible role of CY's fibrosis cascade modulation. The analysis of post-operative clinical course in 39 trabeculectomies performed by the surgeon (A.G.) in the last 2 years in non MS-patients, reveals a vascularized bleb incidence at the 15th post-operative day in 63% of patients with an mean IOP of 21 mmHg without glaucoma therapy. Many conditions have been regarded as risk factors for bleb failure (ethnicity, younger age, ocular inflammation, neovascular glaucoma, duration and number of topical anti-glaucoma medications, cataract surgery, the number of previous glaucoma surgeries, the needling procedure and possibly diabetes) \[[@CR16], [@CR17]\] and conjunctival to scleral fibrogenesis is clearly indicated as the main cause of glaucoma filtration surgery failure \[[@CR18]--[@CR20]\].

In response to surgical injury, recruitment of pro-inflammatory and pro-fibrogenic cytokines and chemokines into the aqueous leads to cellular migration and attraction of neutrophils \[[@CR18]\]. Monocytes differentiate into tissue macrophages with critical effects on regulation of healing process through several growth factors; among these, the platelet-derived growth factor (PDGF) and the transforming growth factor-beta (TGF-β) are the most important pro-fibrogenic cytokines implicated in the activation of Tenon's fibroblasts together with increased extracellular matrix component synthesis. TGF-β directly induces the differentiation of fibroblasts into collagen-secreting myofibroblasts \[[@CR19]\] and fibrillin-1 and fibronectin deposition on bleb site \[[@CR20]\] representing the most potent stimulating factor for type I collagen gene transcription \[[@CR21]\]. We hypothesize that the satisfactory clinical course after surgery remarkably observed in our patients series, may be related to a possible modulatory role of CY on the fibrosis cascade.

In MS immunologic milieu CY shows multiple selective effects on the immune system (Fig. [1](#Fig1){ref-type="fig"}). In particular it enhances T~H~3~reg~ cell response \[[@CR14]\], a unique T-cell subset primarily secreting transforming growth factor (TGF)-beta and IL-10 \[[@CR23]\]: while macrophage-derived TGF-β generally shows wound-healing and pro-fibrotic activity, TGF-β secreted from adaptive/induced T~H~3~reg~ cells shows immunosuppressive effects \[[@CR24]\]. Furthermore the function of IL-10 as anti-fibrotic cytokine \[[@CR25], [@CR26]\], as well as its role in inhibition of collagen synthesis of the macrophages \[[@CR27]\] are reported in several studies.

With regard to fibrosis process control, an interesting study in patients suffering from systemic sclerosis, reported for the first time CY effect on reducing fibrillin ECM deposition and limiting matrix remodeling \[[@CR28]\]. The effectiveness on progressive fibrosis and the safety of low intravenous doses of CY was also reported in severe ocular cicatricial pemphigoid \[[@CR29]\].

Moreover, angiogenesis that typically begins soon after wound formation, may contribute to tissue fibrosis \[[@CR4]\]. Pro-angiogenic factors, such as fibroblast growth factor (FGF) and vascular endothelial growth factor (VEGF) are released from platelets and macrophages \[[@CR22]\]. Intriguingly, several oncological studies \[[@CR30]\] have shown an anti-angiogenic effect of frequent, even daily minimally-toxic dose administration of CY \[[@CR31]\], regardless of tumor microenvironment \[[@CR32]\]. The above-mentionated studies support the interpretation that CY pharmacological effects may interfere with scarring issues of the bleb in our patients, drastically slowing down the reparative process that leads to surgical failure; according to the literature this observation was never reported, probably due to sporadic cases observed in smaller center. We are aware that because of the limited number of cases and the absence of a comparative study design, we can not be sure that the surgical success is only due to CY. It would be of interest to confirm these observations by future controlled clinical studies. Moreover, pathology studies aimed at analyzing the conjunctival and scleral reparative process in such patients, would provide precious information regarding anti-fibrotic effect of CY not only of ophthalmologic interest but possibly useful to other fields of medicine.
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